Abstract: Neonicotinoid insecticides are now the most widely used insecticides in the world. 10
Introduction 30
Honeybees (Apis mellifera, L.) have a high social and economic value since they produce 31 various substances such as honey and also play an important role in pollination and agricultural 32 
Gene ontology (GO) enrichment analysis 122
A total of 445 DEGs were enriched for GO terms, including 167 up-regulated and 278 123 down-regulated genes in SCTH bees (Table S6) , and the top 30 most enriched terms are shown in 124 biological process. Based on the GO terms for biological process, we found that most genes were 126 enriched for translation, various metabolic and biosynthetic processes, such as protein metabolism, 127 cellular protein metabolism, single-organism metabolism, cellular biosynthetic, cellular 128 macromolecule biosynthetic, macromolecule biosynthetic and organic substance biosynthetic (Fig  129   3) . The main DEGs that were enriched coded for cellular components, including the ribosome, 130 ribonucleoprotein complex, ribosomal subunit and ribosomal subunit. Most of the genes were 131 down-regulated in SCTH honeybees (Fig 3, Table S6 ). In terms of molecular function, the DEGs 132 played roles in structural constitutent of ribosome, structural molecule activity and oxidoreductase 133 activity (Fig 3) . 
KEGG pathway analysis 137
The KEGG database (http://www.genome.jp/kegg) was used to assign functional annotations 138 to the DEGs. A total of 377 DEGs were identified and mapped to 75 pathways in the KEGG 139 pathway database (Table S7) , including 104 up-regulated and 273 down-regulated genes. Among 140 these pathways, five were significantly enriched with a corrected P-value ≤ 0.05 (Table 2) Charreton et al., 2015) . Our study showed that subchronic exposure to thiamethoxam 159 increases the expression of two nAChRs subunits, nAChRα9 and nAChRβ2. These results are 160 consistent with previous research that thiamethoxam up-regulates expression of nAChRα1 and 161 nAChRα2 (Christen et al., 2016; Christen et al., 2017) . This indicates a compensatory reaction to 162 the functional loss of nAChRs due to neonicotinoids (Christen et al., 2016) . Obp21 seen in our study suggested a reduced chemosensory ability in challenged honeybees. This 178 is generally consistent with recent research which indicated that a sublethal dose of the 179 neonicotinoid imidacloprid decreased the binding affinity of OBP2 to a floral volatile, β-ionone, in 180
Asiatic honeybees (Li et al., 2015) . In summary, using high-throughput RNA-Seq and analysis of differential gene expression, 217
we detected 609 differentially-expressed genes in honeybees (Apis mellifera) after challenge with 218 a sublethal concentration of thiamethoxam. We identified several genes involved in various 219 physiological functions, but further studies are needed to confirm the results of this analysis. GO 220 terms and KEGG pathways were also used to further understand the function of these genes. 
Materials and Methods

Library preparation for transcriptome sequencing 257
A total of 3 µg RNA was to prepare samples. Sequencing libraries were generated using a 258
NEBNext
® Ultra™ RNA Library Prep Kit for Illumina® (NEB, USA) following the 259 manufacturer's recommendations, and index codes were added to attribute sequences to each 260 sample. Briefly, mRNA was purified from total RNA using poly-T oligo-attached magnetic beads. 261
Fragmentation was carried out using divalent cations under a high temperature in NEBNext First 262
Strand Synthesis Reaction Buffer (5 ×). First strand cDNA was synthesized using a random 263 hexamer primer and M-MuLV Reverse Transcriptase (RNase H). Second strand cDNA synthesis 264 was subsequently performed using DNA Polymerase I and RNase H. Remaining overhangs were 265 converted into blunt ends via exonuclease/polymerase. After adenylation of the 3' ends of DNA 266 fragments, NEBNext Adaptors with hairpin loop structures were ligated to prepare for 267 hybridization. cDNA fragments of 150-200 bp in length were selected by purifying library 268 fragments with an AMPure XP system (Beckman Coulter, Beverly, USA). Then, 3 µl USER 269
Enzyme (NEB, USA) was used with size-selected, adaptor-ligated cDNA at 37°C for 15 min 270 followed by 5 min at 95°C. PCR was then performed using a Phusion High-Fidelity DNA 271 11 polymerase, Universal PCR primers and Index (X) Primer. Finally, PCR products were purified 272 using an AMPure XP system and library quality was assessed using an Agilent Bioanalyzer 2100 273 system. 274 275
Clustering and sequencing 276
Clustering of the index-coded samples were performed on a cBot Cluster Generation System 277 using a TruSeq PE Cluster Kit v3-cBot-HS (Illumina) according to the manufacturer's instructions. 278
After cluster generation, the library preparations were sequenced on an Illumina Hiseq 4000 279 platform and 150 bp paired-end reads were generated. 280 281
Read processing 282
Raw reads in the FASTQ format were first processed through in-house Perl scripts. Clean 283 reads were obtained by removing low-quality reads or those containing adapters or poly-N. At the 284 same time, the Q20, Q30 and GC contents were calculated. All downstream analyses were based 285 on the high-quality clean reads. The index of the honeybee genome (NCBI: Amel_4.5) was built 286 using Bowtie v2.2.3, and paired-end clean reads were aligned to the honeybee genome using 287 TopHat v2.0.12. HTSeq v0.6.1 was used to count the reads mapped to each gene, and then the 288 
Differential expression analysis 292
Differential expression analysis was performed using the DESeq R package (2.15.3). DESeq 293 provides statistical routines to determine differential expression in digital gene expression (DGE) 294 data using a model based on negative binomial distribution. The resulting P-values were adjusted 295 using the Benjamini and Hochberg approach for controlling the false discovery rate. Genes with 296 an adjusted P-value ≤ 0.05 were considered differentially expressed. Finally, Gene Ontology (GO) 297 enrichment analysis of differentially-expressed genes was carried out using the GOseq R package, 298 in which gene length bias was corrected. GO terms with corrected P-values ≤ 0.05 were 299 considered significantly enriched by differentially-expressed genes. In the Kyoto Encyclopedia of 300
Genes and Genomes (KEGG) database, we used KOBAS software to test the statistical 
